Erratic rainfall and increasing temperature is rapidly emerging as one of the most serious global problems affecting many sectors in the world. It is considered to be one of the most serious threats to sustainable development with adverse impact on environment, human health, food security, economic activities, natural resources and physical infrastructure. Southern Africa is one of the most vulnerable regions to climate change in the world, particularly because of widespread poverty, recurrent droughts, inequitable land distribution, over-dependence on rain-fed agriculture and low adaptive capacity. Yet rural farmers in southern Africa have managed to survive the vagaries of climate change over the years. This review reveals that these rural farmers can use indigenous knowledge to cope and adapt to climate change. Availability and access to scientific weather information to make cropping and other decisions at the local level remain key issues to usage of climatic data by rural farmers. On the other hand, indigenous knowledge is what rural farmers have been using but is also becoming unreliable due to climate change and variability. Integration of indigenous knowledge and scientific seasonal forecast seems to be a key possible thrust to reduce vulnerability, enhance resilience of rural farmers and increase their adaptive capacity.
smallholder farming system. Adaptation is a continuum of practices which range from activities that are predominantly developmental to those that focus on reducing climate change impacts. No one single measure is sufficient to adapt to climate change. Rather, a mix of measures is needed which targets the various farm variables -water, soil, micro-climate, seeds and crops as well as labour and capital.
Most smallholder crops are highly sensitive to climate and ecosystems will shift over space in response to climate change. For instance, research done in various countries in southern Africa has demonstrated that a 2 ºC rise in ambient temperature and a rise of mean temperature by 4 ºC would significantly lower crop yields (Agoumi, 2003) . Potential effects of climate change on maize, a staple crop, using a general circulation model and the dynamic crop growth model CERES-maize in Zimbabwe, showed that maize production was expected to significantly decrease by approximately 11-17%, under conditions of both irrigation and non-irrigation (Agoumi, 2003; Magadza, 1994; Makadho, 1996; Mano & Nhemachena, 2006; Muchena, 1994; Stige et al., 2006) . This sensitivity of agriculture in southern Africa, obtained through exposure to climatic hazards and stresses, could lead to increased vulnerability in the absence of adequate coping, adaptation and policy mechanisms, underpinned by access and use of climate information (Figure 1 ). How smallholder farmers respond to climate change and variability depends on the information they obtain and use to decipher appropriate coping and adaptation strategies (Gukurume, 2014) . Such information can be derived from indigenous knowledge systems (IKS) or meteorological weather data or both. On the other hand, reduced vulnerability, encompassed by access and effective utilisation of climate weather forecast data, is shown by improved livelihoods and increased resilience to climate change ( Figure 1 ).
This review covers research that has been done in Africa, particularly southern Africa, and examines the importance of climate forecasts, challenges that have been faced in southern Africa through scientific forecasts, the role played by indigenous forecasting and challenges that indigenous knowledge faces in development interventions, including opportunities in integrating scientific and indigenous forecasts. This paper is solely based on in-depth literature review of studies that have been done on Sub-Saharan Africa, with particular focus on southern Africa, regarding climate change adaptation and indigenous and scientific forecasting. Sustainable smallholder agricultural production cannot be achieved in the absence of local coping and adaptation capacity to current variability and change and adaptive capacities for future climate changes (Finnigan, 2009; Ogallo, 2010) . Failure to adapt to climate change may lead to adverse impacts on major food crops at the farm level and in the region (Lobell et al., 2008) . Climate information (including observations, research, predictions and projections) has a central role to play in both adaptation and mitigation of climate change (Zillman, 2009 (Disater preparedness) the provided information that farmers have access to (Dutta, 2009; Odendo et al., 2006) . Farmers, therefore, tend to rely on indigenous knowledge and information from local social networks to make decisions and manage technology related risks and climate variability Pawluk et al., 1992) .
Hazards and Stresses
The concept of indigenous knowledge has increasingly become topical and been embraced by academics and development practitioners as integral to addressing multiple livelihood challenges faced by rural communities in developing countries and as a basis for locally driven adaptation strategies that transcend the planning stage and can begin to be implemented (Mapfumo et al., 2015; Moonga & Chitambo, 2010; Saitabau, 2014) . More recent studies have shown that resilience building for smallholder farmers in Africa is a process that starts with the ability to anticipate change and accordingly adjust farming practices and set the base for sound food security, particularly in the context of climate variability and change (Kolawole et al., 2014) .
Sources of Seasonal Climate Forecast Information
There is an inevitable demand for seasonal and medium-to long-term climate forecasts to support farmers in decision making. Farmers tend to use a combination of meteorological information and indigenous knowledge in their seasonal forecasting, as they primarily rely on indigenous knowledge but are also open to receiving scientific forecasts (Mapfumo et al., 2015; Orlove et al., 2010; Roudier et al., 2014) . While smallholder farmers approach a season with a wealth of prior experience in empirical observation and traditional knowledge regarding forecasts, these farmers also adjust their practices as they seek further local information and also as scientific real-time forecasts become available (Furman et al., 2011; Frimpong, 2013; Orlove et al., 2010) . It becomes difficult in some cases to ascertain which source of information influences what decision in the same season.It may, therefore, be prudent to assert that it is a combination of the types of forecasts that influences farmers' decision making. The trajectory of change highlights how farmers in a study conducted in West Africa more than a decade ago entirely relied on their experience and intuition to make decisions on their farms in a given season (Hansen, 2002) to currently where they make use of a combination of indigenous and modern forecasts in parts of southern Africa (Mapfumo et al., 2015) .
Climate information appears to be particularly important and in many cases a prerequisite for coping and adapting to the negative impacts of climate variability and change, given that most of the rural livelihoods in southern Africa depend on climate and environmental dynamics (Goddard et al., 2010) . What is emerging from a number of studies is that farmers tend to make decisions on farming practices based on potential evidence of climate occurrences, particularly in relation to rainfall patterns (Goddard et al., 2010; Mapfumo et al., 2015; Roudier et al., 2014) . Studies further highlight that farmer crop management strategies (planting time, weeding, fertilizing, application of pesticides) are shaped by predictive climate information, particularly rainfall related forecasts (Moeletsi et al., 2013; Roudier et al., 2014) . Environmental observables tend to guide farmers actions, among them soil moisture and expected weather conditions (Goddard et al., 2010; Moeletsi et al., 2013) . Decision making is not restricted to modifications of these decisions but also by reinforcing what a farmer has already decided on, thereby having a psychosocial effect through encouragement to maintain good practices (Roncoli et al., 2009) . Farmers have the capacity to use climate forecasts to maximize benefits from anticipated favourable conditions and governments in Africa have increasingly invested in climate services to enhance farmers' adaptive capacity (Roudier et al., 2014) . However, farmers may not plan for an average season but for a poor season to ensure survival. Failure to plan for a good season but only for a poor one makes farmers miss out on profits in a good year (Goddard et al., 2010) .
Studies show that climate information is instrumental in improving agricultural production and ultimately dealing with food insecurity (Friesland & Lo¨pmeier, 2006; Moeletsi et al., 2013; Patt et al., 2005; Phillips et al., 2001; Roncoli et al., 2009) . There is an increasing realization that agroclimatological information, particularly that which provides details on climate extremes and recommendations for actions to be taken, is crucial to improve on agricultural production and responsible use of agricultural resources and managing agricultural risk (Figure 1 ; Friesland & Lo¨pmeier, 2006; Moeletsi et al., 2013) . Agricultural productivity can be increased and costs of production minimized through informed use of weather/climate information, which makes it verydifferent categories of decision-makers (Goddard et al., 2010) . Moreover, studies demonstrate that there is potential value in incorporating seasonal forecasts into the decision-making of different sectors (Cabrera et al., 2007; Hammer et al., 2001; Hansen, 2002; Hansen et al., 2009; McIntosh et al., 2007; Thomson et al., 2006) . However, many studies that have been done on scientific climate and weather information in Africa cite gaps that still exist between information provided and information desired, including challenges such as inaccurate forecasts, inadequate access to information as a barrier to utilization of internet data, lack of climate data, little meaningful use of the information (policies, planning, decision making at a higher level), products not well developed (some data have not been digitized) low skills, and lack of adequate timing for information dissemination (Frimpong, 2013) .
Inaccurate forecasts remain a major challenge to effective use of seasonal forecasts by farmers and other users in southern Africa. Forecasts accuracy tends to decrease with smaller regions and locally specific information tends to be more uncertain and making this information more accurate requires sufficient observational records in order to be meaningful (Goddard et al., 2010; Gong et al., 2003) . Inaccurate forecasts have been implicated in negative yield impacts and the opportunity costs for uncertain forecast is substantial and compromises profitability (Kolawole et al., 2014; Roudier et al., 2014) . Farmers in Zimbabwe, and in eastern Africa, have demonstrated that, with some help, they are able to understand and incorporate probabilistic forecast information into their decision making processes Luseno et al., 2003; Lybbert et al., 2007; Patt, 2001; Suarez & Patt, 2004) . Therefore, much more work needs to be done in engaging farmers directly on interpreting seasonal climate forecasts correctly.
Limited and inequitable access to forecast information by farmers compounds the problems of efficiency of seasonal forecasts (Kolawole et al., 2014; Mapfumo et al., 2015; Mberego & Sanga-Ngoie, 2012; Roncoli et al., 2002; Roncoliet al., 2009; Roudier et al., 2014) . Therefore, there is need to improve the effectiveness of communication of climate information through multiple channels and deliberately partnering with the media for this cause since widespread communication failures constrain access to and therefore widespread uptake of information (Goddard et al., 2010; Hansen et al., 2009 ). Access to climate information is to a large extent a function of the density of meteorological stations in an area (Ogallo, 2010) .
There is little evidence to show that seasonal climate forecast information is being meaningfully put to use and embedded in policies, planning or decision-making within the socio-economic sectors, even in cases where these sectors received vast amounts of information resulting from the seasonal forecasts (Goddard et al., 2010) . There is need to generate useful climate information and predictions and translate that information into usable forms for decision makers through continued dialogues among users of the information periodically. Information tends to be applicable to relatively large areas and lacks specificity, including the fact that information is disseminated late and in unfriendly languages, with technical jargon that makes it limit the effectiveness of uptake (Goddard et al., 2010; Hansen et al., 2009; Kolawole et al., 2014; Van Aalst et al., 2008 cited in Mapfumo et al., 2015 Mberego & Sanga-Ngoie, 2012; Patt & Gwata, 2002) . There is also lack of specific information about timing of rainfall and season onset or length, including the late dissemination of the information (Hansen et al., 2011; Kolawole et al., 2014) .
Some of the available forecasts of extremes are not well developed, are not digitalized andare presented as typical probabilities rather than risk of these extremes, a challenge presented by the embryonic state of seasonal forecast systems at many centres (Goddard et al., 2010; Ogallo, 2010) . Up to date, forecasters have not accounted for shortcomings such as models not currently representing important modes of intra-seasonal-to-interannual variability, in addition to ENSO predictions that have been encouraging to this point (Goddard et al., 2010) . In certain situations, misinterpretation may lead to model predictions conflicting with official consolidated forecasts and the lack of easily available data and overestimated probabilities tend to reduce the actual use of many of these predictions and the usefulness of applications (Chidzambwa & Mason, 2008; Goddard et al., 2010) . Although there is evidence of increasing skill in seasonal forecasting in Africa, availability of seasonal forecast on the internet is likely to include statements that may be construed through inexpert interpretation of limited inputs (Goddard et al., 2010) , indicating that there is need to better channel climate information. Essentially, a low relevant skills base still makes it difficult to simulate convective precipitation that produces torrential rainfall, leading to the difficulties faced by climate scientists.
The major point regarding most of the problems highlighted in this section is that these problems are symptomatic of inadequate policies and institutional process, and are therefore amenable to intervention (Mberehgo & Sanga-Ngoie, 2012) . Three key elements are identified as crucial for influencing action; technical quality of the information, relevance of this information to the needs of decision makers and perception that the information suits users' interests (Cash & Buizer, 2005; Cash et al., 2006) .
Indigenous Knowledge Systems Seasonal Forecasts
Given the significant gaps in scientific knowledge, ethno-meteorological knowledge plays a key role in farmers' ability to devise climate variability and change adaptation measures. There is evidence to show that naturally, farmers have an inclination towards indigenous forecasts as opposed to scientific forecasts as they value their experiences over the years (Kolawole et al., 2014; Roudier et al., 2014) . Farmers rely on historical patterns, weather observations and signs to formulate expectations on weather and climate (Orlove et al., 2010) .
There are advantages that seem to emerge in studies done in South Africa, Zimbabwe and Botswana regardingindigenous forecasts; reliance on indigenous prediction indicatorsand, developing agricultural strategies in response to predictions (choice of crop varieties, land management strategies, and livestock species and management strategies), sometimes without consulting any other sources of predictions (Brooks et al., 2011; Orlove & Kabugo, 2005) . Indigenous knowledge has a strong practical emphasis that is oriented towards planning, and exhibits dynamism that allows for incorporation of new elements (Flavier et al., 1995; Kolawole et al., 2014; Orlove et al., 2010) . These studies in Malawi, Botswana, and Uganda highlight the social nature of indigenous knowledge and shows that indigenous knowledge on forecast tends to be more accessible given that elders, who are predominantly custodians of this knowledge command respect in their communities and their stock of personal experience is considered to be valuable (Briggs & Moyo, 2012; Kolawole et al., 2014; Orlove et al., 2010; Roncoli et al., 2002) . Moreover, farmers tend to share their experiences and knowledge on forecasts with others at a larger scale and give them a sense of the arrival and progress of the rains (Orlove et al., 2010) . Farmers in Malawi and Botswana highlight that indigenous forecasts tend to bemore accurate and simple to understand to farmers as opposed to the complex nature of scientific forecasts that require sophisticated equipment and formal education and training and financial investment (Briggs & Moyo 2012; Kolawole et al., 2014; Onyango, 2009; Ouma, 2009 ).
Farmers use tree phenology, animal behaviour, wind circulation, cloud cover and other social indicators to predict rains and season quality. Farmers are particularly interested in when the rainy season will start so they make preparations. They are also concerned with the quality of the season so they make decisions of what to grow. Table 1 shows some of the vegetation indicators used in southern Africa to predict rainfall.Studies have for the past decade started to show that there are already shifts in the flowering patterns of trees to El Niño events (Curran et al., 1999) . This brings to mind the implications of shifting tree patterns to traditional indicators that are critical for seasonal forecasting (see Table 1 ). Studies done in southern Africa highlight that if certain trees bear fruit at certain periods of time then this indicates either a good or poor rainfall season, for instance, in Botswana, a certain shrub called Moretlhwa and known in English as Brandy bush/Raisin bush (Grewiaflava) bears fruits twice a year. Early fruiting (November to early December) indicates low rainfall and late fruiting (February/March) indicates a good season and no fruit at all indicates a serious drought (Kolawole et al., 2014) . In Zimbabwe the disappearance and delayed fruiting of trees such as Maroro, Tsambatsi and Hute and on the other hand the profuse fruiting of the Muhacha tree, including the delayed regrowth of grasses from August to Octobers have for a long time indicated droughts to come (Mapfumo et al., 2015) . Coffee cultivation in Uganda was not common until the 1940s, and so the habit of observing the flowering of the coffee tree as a sign for the onset of the rain must have developed after this time (Orlove et al., 2010) . Signs that there will be rains in a few weeks include the flowering of trees, especially coffee trees in Uganda (Orlove et al., 2010) . Hence, the shifting of tree fruiting patterns is likely to render this indicator less reliable. The reliability of the indicators that have been highlighted in reviewed studies is critical since indigenous forecasts are a significant part of the prediction of climate parameters for smallholder farming systems. It is also important to understand the significance of the indigenous forecasts for planning purposes at this level.
Tree Phenology Indicators
It is also important to note the robustness of indigenous indicators across the region (Tables 1, 2 and 3) . The commonality of these indicators across ecozones from Tanzania in the east to South Africa in the south is critical with regard to preservation of certain ecosystems. The use of these robust indicators alludes to the necessity to preserve and protect the trees and animals bearing these indicators. 
Animal Behavior Indicators
The singing, nesting and chirping of certain birds appears to be a useful indicator for the onset of the rains in southern Africa (UNEP, 2008) . In addition, there are signs that there will be a lot of rains through the arrival of migratory birds, particularly the southern hornbill (Bucorvusa byssinicus) in Zimbabwe, Zambia and northern parts of South Africa (Orlove et al., 2010) with use of the movements of fronts to provide them with tailwinds (Liechti, 2006) . Sounds from certain insects that emerge from overwintering/hibernation (Mapfumo et al., 2015) tend to signal the start of a season and planning by farmers in Botswana and Zimbabwe. Table 3 shows some of the indicators based on atmospheric air circulation. Farmers in southern Africa believe that there is significant merit in the sequencing of seasons as an indicator for what the coming season will be like (Orlove et al., 2010; Mapfumo et al., 2015) . Essentially, indigenous forecasting is not solely based on personal experience but also on trend analysis (Kolawole et al., 2014; Mapfumo et al., 2015) . Mapfumo et al. (2015) cite a case of farmers in Zimbabwe who have traced the changes in five rainfall regimes that had for ages indicated the specific stages of rainfall such as the onset of the winter season at the end of May, rains coming in August after the processing of grains, late September marking the end of wild fires, hastening growth of new tree leaves in October and marking the beginning of the rainy season in October/November. These case studies show that the traditional indicators have also been affected by changes in rainfall patterns to an extent that they may mislead farmers and not be as reliable as they used to be. Farmers rely on these indicators for farming practices including securing marketing and trade arrangements for food security (Mapfumo et al., 2015) .
Atmospheric Indicators and Indigenous Forecasting
The onset of rains from a few days to a few weeks is indicated by an increase in night-time temperatures, shifts in direction of prevailing winds, particular phases of the moon and the appearance of strong whirlwinds, changes in smell of the environment, all highlighted as happening just before the rains (Ajibade & Shokemi, 2003; Orlove et al., 2010; Kolawole et al., 2014; Mapfumo et al., 2015) . However, there are certain inconsistencies in one community in Uganda on the exact indications of onset of rains through wind direction as some farmers look for a change in wind direction from easterlies to westerlies while others look for a shift from southerlies to northerlies (Orlove et al., 2010) . In terms of the moon, there are inconsistencies on whether it is the dark phase of the moon or the waning of the moon that indicates the onset of the rain. Although many farmers have expressed a high level of confidence in traditional indicators for a rainfall season (Orlove et al., 2010; Roudier et al., 2014) , the highlighted inconsistencies give pointers to a degree of inaccuracy of some of these indigenous indicators. However, there still exists a significant level in some of these indicators that have been explained in scientific terms, for instance the Inter-tropical Convergence Zone in March in the same area explains the nighttime temperature shifts and other scientific forecast (Kolawole et al., 2014; Roncoli et al., 2002) . These temperature fluctuations are also used in West Africa as an indication of the occurrence of a rain event within days (Roudier, 2014) . 
Other Natural Resources Indicators
Although natural resource based indicators featured in reviewed studies, these indicators are not as common as the others in terms of predicting the coming season. However, it is noted that the natural resource based indicators still play a significant role in predicting the seasons (Kolawole et al., 2014; Mapfumo et al., 2015; Roncoli et al., 2002) . The nature of major rivers, springs and streams and changes in behavior of major resource pools remains important in indicating what the coming season will be (Mapfumo et al., 2015) . A one-directional free flow of the river indicates an abundant rains season while rivers flowing in a spiral-like manner tends to indicate a season of limited rainfall (Kolawole et al., 2014) . A justification for these river flow behaviours are www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 5; couched in the logic that free flow indicates plenty of rains upstream while a spiral movement of river flow emanating from a rivers gradually drying up when they receive less rainfall (Kolawole et al., 2014) . 
Potential for Integration of Indigenous Knowledge with Climate Science
While there are differences in criteria used to define seasonal phenomena by both farmers and scientists, there is a significant overlap between indigenous and scientific knowledge regarding weather and climate forecasts (Hinkel et al., 2007; Kolawole et al., 2014; Laidler & Ikummaq, 2008) , making indigenous knowledge potentially useful for scientific forecasting, particularly in tracking change. Moreover, both local and scientific knowledge in weather forecasting are produced through observation, experimentation and validation, suggesting that there is a meeting point between the two forms of knowledge, although there is an acknowledgement that indigenous knowledge is devoid of any regimentation and regulations and entails a measure of spirituality that is absent in scientific forecast (Kolawole et al., 2014) . Therefore, there is need for a suitable platform where farmers and scientists can work together and to enable them devise adaptation strategies against climate change and variability.
Studies show that generally, farmers are open and willing to integrate new information into their traditional forecasting methods as demonstrated by these farmers readiness to engage, discuss and use modern scientific forecasts (Orlove et al., 2010) . This openness and interest could work well for climate scientists as this could allow them to design forecasts that would be in sync with farmers' priorities and more acceptable to these farmers . For instance, climate scientists' current system rests on a coarse spatial analysis that does not address the risks in drier sub-regions within relatively moist regions, providing an opportunity for incorporation of indigenous knowledge of spatial variability in climate patterns for the identification of areas at risk for drought (Orlove et al., 2010) .
Scientific forecasting information is not embraced by the smallholder farmers due to a number of reasons. Lack of a sense of ownership by farmers and decision makers alike has contributed to the limited uptake of the disseminated meteorological information. For this and other reasons, climate scientists are increasingly under pressure to transcend their disciplinary confines and engage in a process of joint, continued and participatory learningwith users of the information and encourage effective outreach programmes for the information to realise its full potential (Glatnz, 2003 (Glatnz, , 2005 Goddard et al., 2010) .
A tripartite arrangement between users, scientists (cross disciplinary) and policy makers is important to create partnerships that maximize use of available climate information through the near-universal use of indigenous climate indicators, and building culturally relevant analogies of decisions under uncertainty into the climate communication process (Kolawole et al., 2014; Ogallo, 2010; Phillips & Orlove, 2004; Sivakumar, 2006; Suarez & Patt, 2004) . This can be done through contact workshops, public lectures and through the mass media (Kolawole et al., 2014) . This is a more viable alternative model to that which casts climate scientists in an active role as "sources of knowledge" and the farmers in a passive role as "recipients of forecasts" (Orlove et al., 2010) . The social nature of indigenous knowledge presents an opportunity for national meteorological services to develop new means of communication for their forecast products where farmers can participate as agents as well as consumers as well as for farmers themselves to understand and develop an interest to act on forecast information (Orlove et al., 2010; Roncoliet al., 2005; Roncoli et al., 2009; Suarez & Patt, 2004) .
Challenges Facing IKS and Potential Integration with Scientific Knowledge
It is important to highlight that it would be naïve to believe that indigenous knowledge forecasting is without its www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 5; challenges. Three areas in which indigenous knowledge for weather and climate forecasting faces challenges are: negative perceptions regarding indigenous knowledge, erosion due to modernization and disruption of the traditional indicators by changes in weather and climate. There is a tendency to perceive local knowledge and practices as impediments to the success of externally funded projects related to agriculture and imposed on the poor communities. In addition, policymakers on the continent tend to view reliance on indigenous knowledge for climate forecasting with skepticism (Briggs & Moyo, 2012; Saitabau, 2014) . And for this and other reasons, countries in southern Africa are still at knowledge stage rather than at a conceptual stage where there is implementation or use of this knowledge for smallholder farmer productivity (Saitabau, 2014) . Essentially, there is need for serious engagement with communities before implementation of development intervention to take into account local knowledge for enhanced productivity, particularlyderiving response farming approaches with both the extension office and farmers participating (F. Berkes & M. Berkes, 2009; Briggs & Moyo, 2012; Mberego & Sanga-Ngoie, 2012; Sillitoe & Marzano, 2008) .
The local systems have come under threat from modernization with local custodians of knowledge now viewed as 'backward charlatans' (Onyango, 2009; Ouma, 2009 ). On the other hand, scientific knowledge for climate forecasting is considered to be superior and currently enjoys a dominant position as a privileged knowledge as opposed to the 'conservative' and 'backward' knowledge that farmers rely on. This explains the suggestion that there is need to document indigenous knowledge in the context of weather and climate forecasting (Goddard et al., 2010; Ouma, 2009 ) in order to maintain its relevance in the face of accelerated modernization. Individuals and societies tend to have short-term memories, yet they have to rely on these memories for climate forecasting (Glantz, 2003; Mberego & Sanga-Ngoie, 2012) . Documentation of local knowledge in both local languages and English becomes vital for adequate information sharing and for the preservation of traditional indicators that have proven to be useful for smallholder farmers, given that few people's indigenous knowledge is in-depth and the elders as the custodians of this knowledge are dying out without passing down the knowledge as was the case in the past (Kolawole et al., 2014) .
Documentation becomes even more critical given that climate variability and change has affected some of the indigenous indicators, placing limits on the scope of these indicators as a basis for decision making (Mapfumo et al., 2015) . This emerging thinking of the disruption of traditional indicators by climate change is also based on the waning of the natural resource base upon which the knowledge is built, which is worrisome given the increasing demands for adaptation to climate variability and change (Mapfumo et al., 2015) . For instance, biotic resources have adapted themselves to changing climatic conditions and abrupt changes in weather patterns, modifying themselves in the process and making it increasingly difficult to anticipate certain patterns in their behavior (Boko et al., 2007; Mapfumo et al., 2015; Ouma, 2009 ).
Scientific knowledge had over the past decades increasingly taken priority over local knowledge and practice in agricultural systems research and development (Walker et al., 1999) . For instance, early warning systems on disasters and climate related shocks were traditionally channeled through religious and cultural methods such as oral literatures, poems and songs, which had unfortunately lost recognition and utilization in the context of climate change adaptation in the same period. However, in recent years, particularly in the past decade, there is an emerging and dominant view that places emphasis on local knowledge as a key component of an agricultural system and the view that instead, scientific knowledge must enhance local knowledge, rather than displace it (Jain, 2014; Joshua et al., 2011; Maconachie, 2012; Osbahr & Allan, 2003) . Despite this shift towards recognition of IKS in climate change adaptation in agriculture systems, there is evidence to show that increased rainfall variability and temperatures have reduced smallholder farmers' confidence in indigenous knowledge, hence reducing these farmers' adaptive capacity and increasing their vulnerability to climate change (Joshua et al., 2011) . In addition, skewed use of scientific knowledge and weather and climate predictions has proven to be a major constraint for farm level decision making as they do not incorporate IK, which farmers already live with. In the same context, farmers are more willing to use seasonal climate forecasts when these forecasts are presented with and compared to the local indigenous climate forecasts (Gana, 2003; Patt & Gwata, 2002) . This would increase resilience and adaptive capacity (Figure 1 ).
Social Capital and Indigenous Knowledge Adaptation Systems
In southern Africa, spiritual rainmaking ceremonies have been at the heart of many smallholder traditional societies and their interaction with nature when inducing rain and blessings in the agricultural enterprise (Vijfhuizen, 1997) . Ritual performers would conduct prayers, use medicine portions, brew and drink traditional beer, dance under trees among other activities in manipulating the falling of rain. These acts were known for yielding positive results to the autochthonous people. The success of the performed rituals was guaranteed because they were conducted in a deeply rooted and synchronised cosmological condition with an intricate www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 5; connection between moral geography, the whole environment and the spirits surrounding them (Vijfhuizen, 1997) . Current calls by traditionalists in conjunction with politicians and social scientists to rejuvenate spiritual rainmaking as one of the panacea to current weather and climate hazards affecting modern societies have received intensive criticism from bio-physical (pro-scientific) and Christian based standpoints (Memmott, 2010) . Bio-physical scientists jettison the rituals as anachronistic and redundant practices with no tangible results. Their argument is premised on the assumption that there is no symbiotic relationship between brewing traditional beer, dancing under trees and use of medicine objects and the falling of rain. The bio-physical views are deeply rooted on the premise of science to predict and manipulate both short term and long term climate. In other instances they have the power to influence weather patterns through artificial practices like cloud seeding among others.
There is need for further research especially in providing empirical evidence to support traditionalists and farmers' current claims of changes in seasonality and the role of spiritual ceremonies in reducing vulnerability (Mapfumo et al., 2015) . This is an area in which climate (biophysical and social) scientists can collaborate with traditional farmers to provide integration of science and social capital. In addition, to date, less progress has been made in assessments of the extent and impact of forecast use, particularly among vulnerable populations, such as smallholder farmers in Africa. This becomes an interesting area for study that needs further explanation of how forecasts are used by smallholder farmers and to what extent this is really the case. Another area that needs further research and in which scientists can partner with farmers is in connecting the physical climate system to environmental indicators that farmers have highlighted in a number of documented studies (Goddard et al., 2010) , integrated with use of indigenous knowledge and spiritual ceremonies.
Adaptation Strategies
Adaptation strategies employed by farmers are different depending on climatic stimuli and intervening conditions or non-climatic stimuli. The different stimuli influence the sensitivity of a particular system and the nature of adjustments or adaptation required. As a result adaptation measures need to consider socio-economic and institutional arrangements at a particular locality. Impacts of climate change are quite different depending on the socio-economic disposition of the farmers, and may require different adaptive responses both in the short and in the long term. The appropriateness of a particular adaptation strategy is highly dependent on time and place as they are influenced by key cultural and indigenous observations and indicators at the local level. These indigenous observations, while sometimes robust, are usually peculiar to a local area or region.
There are generally two approaches to adaptation. The first is an approach that advocates for actions that reduce existing vulnerability. The use of early warning systems, for instance, means individuals and communities are able to employ anticipatory adaptation. The second approach is to mainstream climate change into existing activities. Mainstreaming ensures that future vulnerability to climate change is countered by considering climate change in decision making. This is the trend in most developing countries where development is a priority. This approach is particularly useful where climate change may increase the risk of failure of assets. It is vital, therefore, to increase resilience, coping and adaptive capacity of natural and human systems, so as to prepare them for future variability and extremes due to climate change.
Conclusions
Scientific forecasts have to some extent failed to make an intended impact on smallholder farmers due to the inaccessibility and inequitable distribution of this information to smallholder farmers as the primary users of the information. The issue of injustices in the context of the dominance of scientific forms of forecasting against indigenous indicators that tend to be regarded as backward. While indigenous forecasting is not without its challenges, a lot more can be learnt and used to implement adaptation strategies that are long-lasting by integrating scientific forecasts with indigenous knowledge. This will likely lend legitimacy of these forecasts in the eyes of smallholder farmers. Certain inconsistencies in indigenous indicators, including shifts in phenological patterns and changes in indigenous indicators due to changes in rainfall patterns, all point to negative implications for traditional forecasting as a reliable method of forecasting. However, indigenous forecasting remains a sound entry point given its social nature and acceptability by smallholder farmers. Moreover, indigenous knowledge has a strong practical emphasis that is oriented towards planning, and exhibits dynamism that allows for incorporation of new elements; where scientific forecasts can then come in to complement and add credence to indigenous knowledge.
